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Abstract—Photovoltaic power has become one of the most popular research area
in new energy field. In this report, the case of household solar power system is
presented. Based on the Matlab environment, the simulation is built by using
Simulink and Simpowersystem. There are four parts in a household solar system,
solar cell, MPPT system, battery and power consumer. Solar cell and MPPT
system are been studied and analyzed individually. The system with MPPT
generates 30% more energy than the system without MPPT. After simulating the
household system, it is can be seen that the power which generated by the system
is . ૢ ܐ܅ܓper sunny day. By combining the power generated by the system
and the price of the electric power, 8.42 years are need for the system to achieve a
balance of income and expenditure when weather condition is considered.
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1. Introduction
The depletion of fossil fuel reserves is a growing concern in terms of energy
sustainability. So now the whole world is paying attention to renewable energy, hoping
this kind of energy can change the energy structure of the society, supporting long-term
sustainable development. Solar power became widely favored due to its safety,
reliability, noiseless, non-pollution and low maintenance costs. Not only it can provide
electric power house by house separately, but also can supply power centralized.

2. Background
The household solar system is the most widely used solar system nowadays. A large
number of families in USA choose to upgrade their houses with a solar system,
especially in California and Texas.

Figure 1: Household Solar System [8]
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There are four main parts in a household solar system which are showed in Figure 1.
The first part is a solar panel that generates electric power by absorbing solar radiation.
The second part is a solar controller (DC-DC converter) which can change the working
status of the solar panel, and make sure the solar panel is working at maximum power
point. The third part is a battery that can store electric energy while the solar panel
generates more power than the load need, and providing power to the load during night
time or raining days. The last part is the electric power consumer (load).

Solar
Cell

Solar
Controller
(Converter)

Battery

Load

Figure 2: The Typical Structure of Photovoltaic System

The typical structure of a household solar system which shows in Figure 2 tells the
basic logical relationships between the four main parts of the solar system. By
simulating the whole system in Matlab, the power that generated by the system can be
obtained. To this effect, this project will size and simulate a solar-battery system for a
household in Houston (Texas). Local information regarding weather and electricity
price will be included.
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3. Solar Cell

3.1 The Basic Concept of Solar Cell
A solar cell is an electrical device that converts the energy of light directly
into electricity by the photovoltaic effect [9]. Photocurrent is produced inside of the
solar cell when the sunlight irradiates on the solar cell. Therefore, voltage and current
can be obtained at the terminal of the solar cell.

3.2 The Equivalent Circuit of Solar Cell
Figure 3 shows the single diode equivalent circuit of a solar cell. The photocurrent of a
solar cell which is under a constant radiation won’t change. In the model ܫ can be
considered as a constant current source.
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Figure 3: The Single Diode Equivalent Circuit of Solar Cell

Normally, C only has a very small effect on I, so C can be ignored. So the I-V equation
of a solar cell can be shown as:
I = I െ I ቄexp ቂ

୯(ା୍ୖ౩ )

ା୍ୖ౩

୩ౙ

ୖ౩
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ቃ െ 1ቅ െ

(1)

In the equation (1): ܫ is the reverse saturation current of the diode; ܶ is the
temperature of the solar cell; A is the factor of diode.

3.3 The Output Characteristics of Solar Cell
The output I-V characteristic of a solar cell is one of the most important technical data
to analyze a solar cell system. It cannot be represented by linear equation. Therefore,
nonlinear fitting methods are used to solve this problem. But these methods require a
large number of actual measured data as a basis, and the model is very complex.
Exponential model only needs four parameters under standard test conditions. By using
these four parameters which are ܫ (the current when the solar cell operates at max
power point) ܷ (the voltage when the solar cell operates at max power point) ܫ௦
(the short current of the solar cell) and ܷ (the open circuit voltage of the solar cell)
the parameters of the model can be obtained. According to the single diode equivalent
circuit model of a solar cell and the basic analytical expression of the output current
and voltage of a solar cell, a simplified single-exponential model of a solar cell can be
obtained.

3.4 The Mathematical Model of Solar Cell for Engineering
Application
The most important characteristic of a mathematical model which is for engineering
application is a combination of practicality and accuracy. Engineering application
model of solar cell is usually requires to be able to reproduce the behavior of a solar
4

cell by using several technical parameters provided by the supplier, for instance, ܫ௦ ,
ܷ , ܫ , ܷ and ܲ .
In this way, the computer can analyze the model easily.
Based on equation (1) and two approximations, which are:
1) Ignore item

ାூோೞ
ோೞ

because normally ܴ௦ is large, so

ାூோೞ
ோೞ

is very small and

almost has no effect on the light current.
2) Assume ܫ equal to ܫ௦ , because ܴ௦ is far smaller than diode forward resistance in
normal conditions.
When the solar cell is working at open circuit situation (I=0, U=ܷ ), the I-V equation
of a solar cell can be simplified as:
ܫ = ܫ௦ (1 െ ܥଵ {exp[ܷΤ(ܥଶ ܷ )] െ 1})

(2)

When the solar cell is working at maximum power point situation (I=ܫ , U=ܷ ), the
I-V equation of a solar cell can be simplified as:
ܫ = ܫ௦ (1 െ ܥଵ {exp[ܷ Τ(ܥଶ ܷ )] െ 1})

(3)

Considering in normal temperature condition exp[ܷ Τܥଶ ܷ  ب1, so the item “-1” in
equation (3) can be ignored and ܥଵ can be solved.
ܥଵ = (1 െ ܫ Τܫ௦ )exp[െ ܷ Τ(ܥଶ ܷ )]

(4)

When the solar cells working at open circuit condition (I=0, U=ܷ ), and bring
equation (4) into (2) can obtain:
0 = ܫ௦ {1 െ (1 െ ܫ Τܫ௦ ) exp[െܷ Τ(ܥଶ ܷ )] [ כexp(1Τܥଶ ) െ 1]
The item “-1” can be ignored because of exp(1Τܥଶ )  ب1.
5

(5)

After ignoring “-1”, ܥଶ can be solved:
ିଵ

ܥଶ = (ܷ Τܷ െ 1) [(݊ܫ1 െ ܫ Τܫ௦ )]

(6)

Therefore, according to equation (4) and (6), ܥଵ and ܥଶ can be obtained by using ܫ௦ ,
ܷ , ܫ , ܷ which are all normal technical parameters of a solar cell. The output I-V
characteristic of a solar cell can be solved by using equation (2).

3.5 The Model of Solar Cell Considering Solar Radiation and
Temperature Effects
The output I-V characteristic curve of solar is related to the solar radiation and the
temperature of the solar panel. Normally, the intensity of solar radiation at surface is
changing from 0ܹ Τ݉ଶ to 1200ܹ Τ݉ଶ . The temperature of the solar cell can be large,
from -20ć to 70ć. Normally ܵ = 1000ܹ Τ݉ଶ , ܶ = ʹͷԨ is chosen as the
reference solar radiation intensity and the reference temperature of the solar cell. The
environmental influence on the solar cell must be considered, when the solar cell is not
working at the reference solar radiation intensity and temperature conditions.
Assuming ܫ௦ , ܷ , ܫ , ܷ are ܫ௦ , ܷ , ܫ , ܷ , when the solar cell is
working at reference condition and after fitting large number of experimental data, the
following equations has proved qualified for engineering application.
Iୱୡ = Iୱୡ୰ୣ ୗ

ୗ
౨

[1 + a(Tୡ െ Tୡ୰ୣ )]

U୭ୡ = U୭ୡ୰ୣ [1 െ c(Tୡ െ Tୡ୰ୣ )]ln[e + b(S െ S୰ୣ )]
I୫ = I୫୰ୣ ୗ

ୗ
౨
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[1 + a(Tୡ െ Tୡ୰ୣ )]

(7)
(8)
(9)

U୫ = U୫୰ୣ [1 െ c(Tୡ െ Tୡ୰ୣ )]ln[e + b(S െ S୰ୣ )]

(10)

From (7) to (10): ܽ, ܾ, ܿ are compensation coefficient, all constant. ܽ =
0.0025Ԩିଵ, ܾ = 0.0005(ܹ Τ݉ଶ )ିଵ, ܿ = 0.00288Ԩିଵ .
According to ܫ௦ , ܷ , ܫ , ܷ which are parameters of solar cell under
reference radiation level and reference temperature, by using related compensation
coefficient ܫ௦ , ܷ , ܫ , ܷ which are parameters of solar cell, the new radiation
level and temperature can be obtained. After solving ܫ௦ , ܷ , ܫ , ܷ at new solar
radiation intensity and temperature condition, the engineering application model of
solar cell can be obtained by using equation (6), (4) and (2).

3.6 The Simulation Model of Solar Cell
After obtaining equations (2), (4), (6), (7), (8), (9) and (10), the model of solar cell can
be implemented in Matlab by using Simulink blocks.

Figure 4: The Simulation Model of Solar Cell
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The model of solar cell is shown in Figure 4. By changing input ܵ and ܶ , the model
can simulate the I-V characteristic under different solar radiations and temperatures. If
it is a new solar cell ܫ௦ , ܷ , ܫ and ܷ are needed to set up the
simulation.
The simulation results when the solar panel working at reference condition is shown in
Figure 5 and Figure 6. In this simulation, it is assumed the following values: ܫ௦ =
0.65ܣ, ܷ = 21.5ܸ, ܫ = 0.56ܣ, ܷ = 18ܸ.

1

Current(A)

0.8
0.6
0.4
0.2
0
0

5

10
15
Voltage(V)
Figure5: I-V Characteristic Curve
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Figure6: P-V Characteristic Curve

When the solar radiation varies from 600ܹ Τ݉ଶ to 900ܹ Τ݉ଶ (100ܹ Τ݉ଶ a step)
and the temperature is kept constant (ܶ = ʹͷԨ), the change of the I-V characteristic
curve is shown in Figure 7.
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Figure 7: I-V Characteristic Curve under Same Temperature Different Solar Radiation Condition
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When the solar radiation varies from 600ܹ Τ݉ଶ to 900ܹ Τ݉ଶ (100ܹ Τ݉ଶ a step)
and the temperature is kept constant (ܶ = ʹͷԨ), the change of the P-V characteristic
curve is shown in Figure 8.
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Figure 8: P-V Characteristic Curve under Same Temperature Different Solar Radiation
Condition

When the temperature of the solar cell varies from -20Ԩ to 40Ԩ (20Ԩ a step) and
the solar radiation is kept constant (ߚ = 1000 ܹ Τ݉ଶ), the change of the I-V
characteristic curve is shown in Figure 9.
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Figure 9: I-V Characteristic Curve under Same Solar Radiation Different Temperature Condition

When the temperature of the solar cell varies from -20Ԩ to 40Ԩ (20Ԩ a step) and
the solar radiation is kept constant (ߚ = 1000 ܹ Τ݉ଶ), the change of the P-V
characteristic curve is shown in Figure 10.
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Figure 10: P-V Characteristic Curve under Same Solar Radiation Different Temperature
Condition

From Figure 7 to Figure 10, the following essentials can be figured out:
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1) Solar radiation has a main effect on ܫ௦ , temperature of the solar cell has a main
effect on ܷ .
2) The output characteristic of the solar cell is approximately equal to a rectangle. The
solar cell can be considered as a constant current source, when it is working at low
output voltage. When the output voltage is near to open circuit voltage, the solar cell
can be considered as a constant voltage source.
3) The output power can reach its maximum at a specific point which is the maximum
power point of the solar cell. And it is changing by the effects of the outside
environment.
4) Normally the maximum power point voltage is 80% of open circuit voltage.

4. Maximum Power Point Tracking System (MPPT)
The output power of a specific solar panel is related to two inputs: the solar radiation
intensity and the temperature of the solar cell. At the outdoor environment, the solar
radiation intensity and the temperature of the solar cell are changing all the time. It will
cause the shift of the I-V and P-V output of the solar cell which will change the
maximum power point position. Without MPPT, the solar power system may never
operate at the maximum power point which will increase losses.
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4.1 The Basic Concepts and Principles of MPPT System
MPPT is the process of self-optimization of the solar cell. It will make a solar cell
work at the maximum power point in any environment situation by controlling the
output voltage of the solar cell. This report is using perturbation and observation [10]
to track maximum power point, which is explained in the next section.

Ri
Ro

Vi

Figure 11: Linear System

Figure 11 shows the schematic of a linear system. ܸ is a voltage source. ܴ is the
internal resistance of the source. ܴ is a load.
The power consumed by the load is:


Pୖ = Iଶ R ୭ = (  )ଶ  כR ୭
ୖ ାୖ




(11)

Equation (11) derivative with respect to ܴ . We can get that:
ୢ 
ୢୖ

ୖ ିୖ

= V୧ ଶ (ୖ ାୖ )య




(12)

When R ୭ = R ୧ , Pୖ reaches its maximum value. For a linear circuit system, when the
resistance of the load equals to the internal resistance of the source, the maximum
13

output power can be achieved. None of these circuits in the photovoltaic system is
linear, but in a very short period the circuit in the photovoltaic system it can be
considered as linear. So the basic idea is to change the equivalent resistance which is
connected to the solar cell by using a DC-DC converter. And make this equivalent
resistance equal to the internal resistance of the solar cell at any time, so that the
maximum power point tracking can be achieved.

4.2 The Algorithm of Maximum Power Point Tracking
Perturbation and observation (P&O) is the most widely used MPPT algorithm
nowadays. The basic idea is to change the output voltage of solar cell every short
period; this process is called perturbation. As we know, if the output voltage of the
solar cell has been changed, the output power of the solar will change with it. It can be
observed that the change of the output power ȟP > 0 means a change of output
voltage is in the right direction. If ȟP < 0, it means the change of the output voltage is
in the wrong direction. Therefore, the direction of the perturbation needs to be
adjusted.

14

Figure 12: The Process of P&O

Figure 12 shows the basic idea of perturbation and observation process. When the
output voltage of solar cell is increasing the output power of the solar cell is also
increasing, like situation A in Figure 12. So the voltage needs to be kept increasing to
make output power nearer to P୫ୟ୶ . The output voltage needs to be decreased to get a
bigger output power, if the output voltage of the solar cell is increasing, and the output
power is decreasing, like situation B. The voltage needs to be kept decreasing, if the
power is increasing while the voltage is decreasing, like situation C. The output
voltage needs to be increased to get a bigger output power, when the voltage is
decreasing. As a result, the output power of the solar cell is also decreasing, like
situation D. Figure 13 shows the flowchart of the basic logical thinking of perturbation
and observation.

15
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voltage
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Back to start
Figure 13: Flowchart of P&O

The actual working condition of the solar cell will gradually approach the current
maximum power point, and eventually work near the maximum power point. The solar
cell will get to maximum power point very fast by using large step of U. The
consequence of using a large step is when the working condition is near the maximum
power point it will bounce forward and backward around the maximum power point, in
other words, it isn’t accurate enough. The result of using a small step of U is exactly
the opposite from the previous one. The result will be more accurate, but it will take
more time for the solar cell to get near to the maximum power point.
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Error may occur in the P&O system, when solar radiation or temperature change
sharply. Figure 14 shows what may happen if solar radiation intensity increases. We
assume the system is running a normal cycle from A to B by decreasing the output
voltage when the solar radiation is 400ܹ Τ݉ଶ . After finishing this cycle, the system
will realize that the perturbation direction is wrong by measuring a negative ȟP. If the
solar radiation intensity suddenly increases to 1000ܹ Τ݉ଶ before the system finishes
this cycle the solar cell will be working at C, so the measurement result of ߂ܲ of this
cycle will be positive. In this case the system will think that the perturbation is in the
right direction and keep the direction to D, which is obviously wrong.

Figure 14: Error in P&O System

Advantages of P&O:
1) Easy to control
2) Cheap
17

Disadvantages of P&O:
1) The solar cell working near the maximum power point not exactly at the maximum
power point causes power loss
2) Tracking speed and accuracy cannot be both reached
3) Error could occur under particular circumstances

4.3 The Control Method of Maximum Power Point Tracking System
Normally we use DC-DC converter to achieve the conformity of the MPPT behavior.
Buck converter is been used in this report, which is showed in Figure 15.

Switch

L
C

Diode

R

Figure 15: Buck Converter

The main idea of reaching the maximum power point of a linear system is to change
the external resistance equal to internal resistance of the power source. In this case, the
buck converter and the load which are connected to each other can be considered as
one external resistance which is showed in figure 16.
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Figure 16: Equivalent Circuit

The relationship with the input voltage and the output voltage of the buck-converter is:
ܸ =

ೠ

(13)



D is the duty ratio of the converter.
Because the output power is equal to its input power of an ideal converter, so the
relationship between input current and the output current of the buck-converter is:
ܫ = ܫ௨௧  כD

(14)

So the equivalent resistance can be solved:
ܴ =


ூ

=

ೠ Τ
ூೠ כ

=
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ೠ
ூೠ

Τܦଶ = ܴௗ Τܦଶ

(15)

From the equation (15), it is can be seen that the value of the equivalent resistance is
inversely proportional to ܦଶ , which means the value of the external resistance can be
easily changed by changing the duty ratio of the converter.

Figure 17: The I-V Characteristic of Solar and External Resistance

The curve in figure 17 is I-V output characteristic of the solar cell. The straight lines
are I-V characteristics of the external resistance in three different conditions. The
intersection of the curve and straight lines are three different working conditions of the
solar cell. As we can see the line in the middle is meeting the curve at maximum power
point (A), which means the solar cell is working at maximum power condition, and no
further MPPT is required. The upper line is meeting the curve at point B, in this case
the system needs to increase the value of external resistance to reach the maximum
power point by reducing the duty ratio of the converter. The duty ratio of the converter
needs to be increased for the lower line which is meeting the curve at point C.
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4.4 The Simulation Model of Maximum Power Point Tracking System
The simulation model of the MPPT system is showed in Figure 18. ܷ and ܫ are
the voltage and current measured from the export terminal of the solar cell. Then
power for this cycle is calculated by using current and voltage.

Figure 18: Simulation Model of MPPT system

In order to determine whether to increase or decrease the duty ratio of the converter,
the changes of voltage and power are analyzed. As a result, a new PWM signal to
control the converter by combining the duty ratio and a fundamental triangular wave is
obtained.

21
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Figure 19: Simulation Result of Solar System With and Without MPPT

Figure 19 shows the simulation result of the system. These two simulations are both
for the same solar cell as in Chapter 3.6. The difference is that the first one is without
MPPT, and the second one is with MPPT. The temperature of the simulation is 25Ԩ.
The solar radiation is 1000ܹ Τ݉ଶ at the beginning and then drops to 700ܹ Τ݉ଶ at a
particular moment. As it can be seen, the output power of the system with MPPT is on
average 30% large than the system without MPPT.
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5. The Simulation of Household Solar Power System with Maximum
Power Point Tracking

5.1 The Simulation Model of the System
Figure 20 shows the simulation model of a household solar power system. During the
daytime, the solar panel module is generating power to supply the load and charge the
battery. While it is working, the MPPT module uses the PWM signal to control the
equivalent resistance of the external system to reach the maximum power point of the
solar panel by measuring the output current and voltage of the solar panel. During the
night time, the solar panel and MPPT system is shut down, and the load is consuming
the power that is stored in the battery.

Figure 20: The Simulation Model of Household Solar Power System

23

5.2 The Parameter Settings of the Simulation
The southwest of the U.S.A is a good place to set up a solar system which is shown in
Figure 21. Assuming the household solar system is set up in an urban area of Houston
(Texas). The average solar radiation level of Houston is 5.5ܹ݄݇Τ݉ଶ Τ݀ܽݕ.

Houston

Figure 21: The Average Solar Radiation Level in May 2004, USA [11]

Assuming the day time is twelve hours, and during day time the trend of the solar
radiation curve is similar to a positive half cycle of a sine function. The peak value of
the solar radiation can be solved:
ଵଶ

5500 = ᖮଵଶ
 ቀȾ  כsin ቀ  hቁቁ dh

(16)

After solving the equation (16), the average peak value of solar radiation in Houston is
1208.95WΤmଶ . In this report, the peak value of solar radiation is been set to
24

1200WΤmଶ .
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Figure 22: The Solar Radiation Curve in Houston for Twenty-four Hours

Figure 22 shows the solar radiation level of one day. In Matlab, the simulation runs for
twenty-four seconds, and one second stands for one hour in real life. The number 0
stands for six o'clock in the morning. When the sun rises up, the radiation level starts
increasing. When the simulation reaches six seconds, which means twelve o'clock
noon, the radiation reaches its peak value of the day, after that the solar radiation level
begin to decrease. When the simulation reaches twelve seconds, which means six
o'clock in the afternoon, the solar radiation level disappeared. And there will be no
solar radiation for twelve hours until the next day.

25

Figure 23: Surface Temperature of Houston Urban and Outlying Non-Urban Areas in August 22,
2002 [12]

The temperature of solar cell is different from the normal weather temperature which is
air temperature. The surface temperature which shown in Figure 23 is similar to the
temperature of solar cell, and it is used in the solar cell model.
The lowest surface temperature of Houston urban area in one day is 269K (23ć). The
highest surface temperature of Houston urban area in one day is 308K (35ć).
Assuming the trend of the temperature curve is similar to one whole cycle of a sine
function. The peak value of the sine function is 35. And the valley value of the sine
function is 23.
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Figure 24: Solar Cell Temperature for Twenty-four Hours

Figure 24 shows the temperature of solar panel for 24 hours. The temperature starts to
increase from 23Ԩ to 35Ԩ after the sun rises, and decrease from 35Ԩ to 23Ԩ after
the sun set.
STP180S-24/Ad model of solar cell is used in the simulation. The technical parameters
of this kind of solar cell provided by the supplier are: ܫ௦ = 5.43ܣ, ܷ = 45ܸ, ܫ =
5.09ܣ, ܷ = 36.4ܸ. The maximum power of a single solar cell is 185.276ܹ, which
is obviously too small for a household circuit system. After connecting five solar cells
in parallel, and connecting five of these solar cells which are already in parallel in
series, a big solar panel which made by 25 solar cells (5 by 5) will be obtained. The
technical parameters of this new solar panel are: ܫ௦ = 27.15ܣ, ܷ = 225ܸ, ܫ =
25.45ܣ, ܷ = 182ܸ. The maximum power of the solar panel is 4631.9ܹ.
The simulation model of battery is the battery module in SimPowerSystem. The
nominal voltage of the battery module is 24V. The rated capacity of the battery module
is 360Ah. And the initial SOC is 30%.
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Figure 25: Basic Parameters of the Battery

Figure 25 shows the basic parameters of the battery that is connected to the load in
parallel. Assume that after overnight working the state of charge of the battery drop to
30%. The reason that the rated capacity of the battery is only 0.1 is the simulation runs
in seconds, but 1 second stands for 1 hour in real life. So the unit of rated capacity here
is not Ampere-hour, but Ampere-second. 0.1 need to be multiplied by
3600 ݀݊ܿ݁ݏΤ݄ ݎݑto obtain the real capacity. In this case the rated capacity of the
battery is 360Ah.

5.3 The Simulation Results
The output power of the household solar system is shown in Figure 26. As it can be
seen, the solar panel starts to generate power when the simulation started. When the
simulation reaches six seconds, the peak value of the solar panel output power has
been reached, which is 5568ܹ. After that, the output power of the solar panel starts to
decrease, and becomes zero when the simulation reaches twelve seconds.
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Figure 26: Output Power of Solar Panel

As it can be seen, the output power curve from one second to twelve seconds is
concave up. The curve from zero second to one second is concave down. That is
because after the simulation started the MPPT system took about one second to reach
the maximum power point. After the first second, the MPPT system reached the
maximum power point and kept the system working near the maximum power point.
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Figure 27: Output Energy of Solar Panel
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After integrating the output power of the solar panel, the Output Energy of solar panel
can be obtained which is shown in Figure 26. In the simulation, the solar panel
generates 40392ܹ  ݏ כenergy for 24 seconds. In real life, the same process will last
for 24 hours, which means the solar panel will generate 40392ܹ  ݄ כenergy for one
day.
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Figure 28: Battery State of Charge

The SOC of the battery is shown in Figure 27. It can be seen that in the first twelve
seconds of the simulation (daytime) the SOC of the battery increases from 30% to 97%.
In the second twelve seconds of the simulation (night time), the SOC of the battery
decreases from 97% to 84%. After analysis the data in Figure 28, the following
characteristics can be figured out:
1) At least two sunny days are needed to recharge the battery from 0% to 100%.
2) If the battery is fully charged, it can supply power to the consumers for 92.31 hours
without recharging (almost four days with no sun).
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6. The Economic Effects of the Solar System
The price of the whole household solar system is related to the output power of the
system. Normally the price of high quality household solar system is 0.8-1.8ˀ/W. In
this report the average price is taken, which is 1.3ˀ/W. The output power of the solar
system in the report is 4631.9ܹ, which means the price of the whole solar system is
1.3 ˀΤܹ  כ4631.9ܹ = 6021.47ˀ.
The price of residential electric power was 0.1212ˀ per kilowatt-hour in Texas during
June 2014. The system generates 40392ܹ  ݄ כof energy for one sunny day, which
means after the system been installed it will make 0.1212ˀΤܹ݄݇  כ40.392ܹ݄݇ =
4.896ˀ profit for one sunny day. After 1230 sunny days (3.37 years) of operation, the
system achieves a balance of income and expenditure.
(days)

Sunny Clear

January
February
March
April
May
June
July
August
September
October
November
December
Total

1
1
3
0
0
0
0
0
1
4
1
1
12

Partly Cloudy
Mostly Sunny
6
9
13
8
12
17
16
22
11
12
10
7
143

Mostly Cloudy
Partly Sunny
11
8
10
11
13
5
3
1
6
2
10
17
97

Rain, Snow or
Thunderstorms
13
10
5
11
6
8
12
8
12
13
9
6
113

Table 1: Weather history of Houston in 2013 [13]

Table 1 shows the weather history of Houston in 2013. We will assume the following:
1) The solar panel will generate 100% of rated energy in sunny clear days.
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2) The solar panel will generate 70% of rated energy in partly cloudy mostly sunny
days.
3) The solar panel will generate 30% of rated energy in mostly cloudy partly sunny
days.
4) The solar panel generates no energy at all in rain, snow or thunderstorms days.
In this case, the solar system makes 4.896ˀ ( כ12  כ100% + 143  כ70% + 97 כ
30% + 113  כ0%) = 714.745ˀ profit per year. After 8.42 years operation, the
system achieves a balance of income and expenditure.

32

7. Conclusions
This report presented the sizing and simulation of a household solar power system. By
analyzing and simplifying the mathematical Model of solar cell, the simulation model
of solar cell can be obtained. P&O has proved to be a viable option for MPPT.
The simulation shows that the solar system with MPPT can reach maximum power in a
short time, and generates about 30% more power than the solar system without MPPT
system. The most important factor of a solar power system is solar radiation level, in
other words, weather conditions. The system may loss large number of energy if the
weather conditions are not good. In the final simulation, the household solar system
generates 40.392ܹ݄݇ per sunny day. 3.37 years are need for the system to achieve a
balance of income and expenditure if it is all sunny days. 8.42 years are need for the
system to achieve a balance of income and expenditure when weather conditions are
considered. It is almost 2.5 times longer than the previous one.
In this report, the simulation runs for twenty-four seconds to represent a whole sunny
day. In further discussion, the simulation time can be changed to seventy-two seconds
to represent three days. Also change the radiation level for each day and see how the
system goes simulate three days in a row.
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9. Appendices

Figure 29: Model of Solar Panel

Figure 30: Model of Module Reference in Solar Panel
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Figure 31: Model of Module C2 in Solar Panel

Figure 32: Model of Module C1 in Solar Panel

Figure 33: Model of Module MPPT System
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Figure 34: Model of Household Solar Power System with Maximum Power Point Tracking

Figure 35: Model of Household Solar Power System without Maximum Power Point Tracking
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